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Gold and Iron.—Isaac and Tammann,1 from a study of this series of alloys, have been unable to detect the presence of any well-defined compound. In the fused state the metals are miscible in all proportions, and form an interrupted series of isomorphous mixtures on solidification. The break in the formation of these solid solutions or mixed crystals occurs at 28 to 63 per cent, of gold. This break becomes greater at lower temperatures, owing to the transformation of the iron into another allotropic form. At 1,168° a second series of isomorphous mixtures is developed, owing to the reaction of the crystals containing 28 per cent, of gold with the fused mass. The minimum point on the liquidus curve (1,040°) is reached on the gold branch at a point corresponding to about 20 atomic per cent, of iron (or 5 per cent, of iroi^by weight). This composition agrees with the formula Au.jFe. From this point,. the liquidus curve rises steadily as the proportion of iron increases to 60 per cent., when the melting point is 1,405°. The curve then flattens, but continues to rise more gradually up to pure iron (1,520°).2
The transition temperature of iron is unaffected by the addition of gold. The hardness of the alloy containing 10 per cent, of gold is rather greater than that of pure iron, but beyond this point the hardness gradually diminishes,, and an alloy containing 70 per cent, gold is considerably .softer than iron. The alloys generally are hard, of high tenacity, and both malleable and ductile,, so long as the proportion of iron does not exceed 80 per cent. All the alloys-form with expansion and are hardened by quenching. The main difficulty in preparing the alloys is due to the high melting point of iron, but iron is. gradually taken up by molten gold at a temperature of 1,100° to 1,200°, and more rapidly at higher temperatures. If cast iron, melting at 1,130°, is used, this difficulty is avoided. It is obvious that gold and its alloys when molten should not be stirred with an iron rod.
The alloys with 8 to 10 per cent, of iron are pale yellow, very ductile, and take a beautiful polish. Those with 15 to 20 per cent, of iron are used in France for jewellery under the name or gris. They are yellowish-grey, and, although hard, are not difficult to work. The alloy with 25 per cent, iron (or Ueu) is also used in jewellery. Alloys with 75 to 80 per cent, of iron, are silver-white in colour, and strongly magnetic.
Gold-iron alloys are not easily purified by cupcllation, but the iron can. be removed by sulphuric acid at 100°, if the proportion of iron is not too small. Nitric or hydrochloric acid may also be used. The action is slow. All the alloys dissolve completely in aqua regia.
Gold and Lead.—In 1905 Vogel3 constructed the thermal equilibrium diagram of these alloys. Supercooling, amounting to 30° to 50°, was observed in the majority of the cases examined before solidification was induced either by vigorous stirring or by inoculation.
The liquidus curve has four distinct branches (see Fig. j.9), and is easily followed. There are three eutectic points ; at A, 21.5° C. (gold 14-8 per cent.),, B, 254° C. (gold 27 per cent.), and c, 418° C. (gold 57 percent.). Three series, of isomorphous mixtures separate out in the whole range from gold to lead,, and a consideration of the time required for the crystallisation of the eutectic shows (according to Tammann) the existence of two definite, compounds
1 Isaac and Tammann, JZeitsch. anorg.  C/iem., 1907, 53, 281-297;  for earlier work on, the influence of small quantities of iron on the properties of gold, see Hatchett, Joe. fiit.^. and Werthehn, Pogg. Annalen, Ergzbd. 1848, 2, 73.
2 A diagram of the curve is given in T. K. Hose's Precious Metals (1900), p. 5(j.
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